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^ ci hi no uajjii yj: jLjjwill 

alimoll - pi oil jjuj jjxJI mio jjjtj juIjJI ajgJLi 


L jqJIAlU jjjJI j ■■riVi'l l 
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4mLh1\ bdfjduJf ^ <uj 


JaAillj JaAill -1 

j-aj£ jl 4^ jlj jjA (Aj^i^J^J-a ;C!jUjuo\ 1 a^A <jj£j i^jk\\ jaaj dAL-all ^jA ^ jAtlaJt la 3 - 

.^jjj^) j (jjjjlouJl Lj^jI j Aj^JaxJt djJoLui CjlLuall j^Ioj ;<jjAliaJ) la^Hl CjLjIula - 

3jail I^L^J ^1 c3jijjaI! jA :(^itj^t) cr^J^t iaAill - 

ADN u-ajAL» c>a^l -2 

.(fJJJ^JJ^') <j ,». u ^ ' (Jjluua ^jlc. iaA^al bj tSljjil ADN -5' -^'j^ :ADN -M - 

_Cj 1 jar u«^\t ^ ja (J£juojjj AjjI^)^]| S^Lall ^A (jjjLaj^)£ll jl u^a\l I 43 * CJJ*- 

.u jW l>* u£ jj^j ADN o* uj^ j l5jj^ - 

ADN^cP^'v^J^t- 


;^A <JaJjudJ CliUjjy ADN -il AjKII AALaVI (jc- ^UJJ 

.H 3 P0 4 - 

.C 5 H 10 O 4 !4^at*Jl Ali-L^a ^juaLa^ ^)£juj ^juo^j^jJ) j±^xjS^\ (j-*a^iLa - 


;AjjjjVI (j^ (04) £Aj^ - 


G u^'j^' 6 A u^l ^Ij3 - 


Q ^jjjjlijuJl i~Y (JaajIISI ;A.j UHajj-ij j5 - 

£-a Jaljj^)l L_j£^)JJ ^CjlJjJJIjK iM ^ajudJ Cl)l^.^ll ja ^5^1 £JJ| ADN A.jKti AALaVl (JC. ^cjjj - 

_Ajjj^I aJlC-Uj jjijuojill 

(1953) 4lAj :ADN -it - 

(_£ JIjaa ^Ic. (j-ilLalSlLa j t&lyjVt (jjlu^lxlLa j <JjjjjI jl* 4 ^jjjjK 3 ^^xla <j^a ^jIiLuAjuj ja (J£jojjj AjjJ jk A-nj 

.A j nyjjAA -Saji j^>j G ^ Oj T A jjVt ^t 

dslL^a ^jc. aJjjjolaII (J^^j AiV tAjjtj^Jt Aa jA :ADN -SI jjJ - 

,^.lj ^JJJj^)J L_U^JJ ^Ic- jjK3l (JA ^Ax_l (J3^ ^jljj ^1 jJ ADN -51 (J* Ajt-La - 

A^£j^1I (AjjjjVI ^C.1 jail) jjKi\ 1 JJ.j JJ& l^.nj LuS C^liSjjJl l lllkj - 














xSii :D 1 XaU^Jt 


Cljlaj^all *LalcO jAj Sl^lll ^3 ADN -Jl “ 
Aj^LaII *Lalc«^]| ^Aj ADN -II AaJaS ’AjjJ-a]) - 

^LKij^^jADN-lIL glarvJ 4 _jjI jjll dlL-ajla-all 4 o>jJ Lg-lS ^Jjj 4-JjJ^. ojJfclia ;^,JjJ«aJI J j flntl - 

\iiijjii cj i l ^i\ 


wuS>i JM D2 iaUuJI 

A-iLkl^Sl j^l A^djoJl Jjj^JI c5(jjj l_u£jjj - 

<>» *spljjJl vJSjj :ARNm -it jj J - 
■opjj^'j ^jj^' op -W^j ARNm -it jjJ Jji*2 - 

^_gJJ Ajj j-all ic. .all 4_^i^l*-aJl ijc. (Jj^a^t ^ila 4 ~s joU Jiij 4 jV * hj<»j - 

UPJJ^ 

-2 tCljlijjj jJI -| ;^4_i=JI) 4jjjJa*JI ejLall 4j£ j-all 4.1 mA niSfl 4-xJjVt ClAjjj^JI ^a.1 4iV ; ^ JJAJAlS - 

■(ARNj ADN) ^jjAit o^Vl -4 i ^jujaII -3 6Cl)ljj£judll 

0 (jj>A^jVl t|—| 60 ;AjujVl djljlll (jj& LujLujI l_j£^)jj Ajj)^* \\ djLaII ;A *s>\ Aa^Ixa 

^N^jjVIj 

ARNm -ii ^Lp^t cjUjUI - 

t AjL 2 Li^yi ^9j NaOH ^J^l 6^c»lSll (JL<ixjjujIj AaLJ \A jKti AALaVI - 

t> £_'j^ 5?J ‘H 3 P0 4 jji^jalt (>Aa, t(C 5 H 10 O 5 ) jj±!j f) ( - 1 ^j itfaJUj - 

.A, G, C, U :^p jjVt jet jail 
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.ARNase JLaslLuLj 4al«VI - 


(jjilVl t^jjjjJOiuJl tJjjailjjjll ©AujjKj ;Ci|jLUjaISi^l ^<n1 (j-a £-1 jji (04) “ 



.(jj^yj^' ls* ^j^j) <^jl' i> ®^'j 51^ :ARNm -it t-jj*- AjL 












(° ^ Ja-D jj :ARNm -it *c$>> cjtAjjjjiSjjuJt LUjjt - 

.S-La 6^)-^ (JS ^-3 A jll 3 a ai^ 3 jiLuj) A—laj|^)J 3 ^-3 S^-JJjjKjJil jj-JJ^>ll £_ya 



^Li*J! ^ cU^ <^l (N 


J 01^ cL^) Ajt-JOLAII ^)-jUVl\l S^pLx-sall djloljt-jajy I ^-Jjxy'Vl )4 J 

_Ajuj^^aa1I 


l^)JaJ ^1 C!jV jl Ig.n^^J ^S5l CLjIjj^^JI tajLuiA |£ju 1 a jjJan jx«a*ut\l 


^jjj ;I^JLa£Luj) - 

A <\rt. 


<Ly|j^l <u^l (£«y) ^Um! 03 JaLiJI 

ARN -llj ADN -II Cm liji* - 


ARN 

ADN 


t Clj)>lDj) iK ill ^AxlLa 6-l^.l j 4_LalLuJ 

CIjIajjj iK ill ^^jLLg (jya j-uLoAxx 

(J*u£LuJl 

(J ia> lul^Vt Cj llji JJJJJ 

C 5 H,o° 5 

^jj^uuo^Vt (J-^ajilA JjJJJ 

C 5 H 10 O 4 gr^J J« J ) 

jjjjjii ^jj 

U J^'jj^' 

T u^jWI 

Sjj^aJI 4jj jjVt S^HJl 

<^J^' u?2 *'j^' cs* ^ 

el jill 
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.ARNm AjjIjjII ^jc- (3f^ l_u£^)J :^LuiiLujVt A-iL a& £ja l- 

JIjjaJjj ARN -it I^IajjVujjVI 4-AaC- (JC. (JjjjoiaII - 

L_uSjJj 6^.1 j ^LuoILujV j'jAA-J jJ ARN ^L>W' L>° AaljJjl C 5 ^ I J J JlLa]) ^LuAIujV) $ jAtli - 

.ARNm -S' l>^ c> ^ 

SAjAc, AjljSj Aaj-i^ ALoJ 4 AON -S' ^LS C5^ JlLuJ lAj^ajj Aaj^s jg.Aaj \ JAJlLaII ^LuilLuiVt CjjJA JjW*1 - 

^AjuoJ^) (J£joj ^Ic*) <1 £jol1a1 I ARNm -S' AajJ^. (JAaJ SAjI^Ia 

.ARNm -S' AaJjAa Ajljli al^jl <jjfaj ;^LwAluiVt ^uuJt dIaj! AjA^J - 



£_jjl 6jlj-uul jj ARN <(ADN) (* ?) uAJt 4 \\ac> &j±^1 4—aJ^U) - 

^CIjL^j^jV' Aal-AA 4_^a^V) A-SlAall A-aLjaV'-J 66^)—^1' CljlA-jjjjKAl (j-^ 
j ^ljouII A-Aac. ^jj A^IaxJ) ^^ui) ^LuiiLuiVt 4 jSap i - 


4-jn>Aa-j|jjll J— ua£J 4 <-Jjj^A1 <LjIaAI 4_lAalaJ jIj_iaAjj ARN Aa-njJ [ JpUajVt - 

Aa-jjjj ($j_jx^AI 4<^jujIAI aLAJ\) Aj^judlLuuAI aJ-joAjuAI ^^-Sc. c1jIa-jjjjKjAI ^-jIjj Ss-Ij-Ij I^-jj ijjjLoAJI 

.(ARNm) £-\p> aJ-joAjuj L^J jjqI I jA£ jjAI 


<LoAJI ^.Ac. j'a_jj jjS^Al £_jIjj <Jj-Aa Sc. jt ARN lS-^j ;4JUaj^ujVt - 

.(J^-ATuAl ARNm —S' cJjAa^UAjjj^ L$J A_isl jjA\ C1jIa_jjjjKjAI Aa_JjJj 


(Jx^aQn 4ADN —S' Cp- <^AA ARNm —S' ^SlAaljujI l_L3jjj 44-JjjxAl ^^-S] ^J^V' 

.^ ADN -S' g^S-JL^ ^Aaj 



t^nhhn cfljjja. jj :aLiiu[J| a|ac| 

































ARNm —it <LjuoLujj AluaUI <j_ij ujjVt * 1^1 jiit J a\^\\\ 4-jLc. ;*L-la^ita - 

4 4 ^uollLauJt UaiLJl ^lj5 £* ARNm -It *c $y^ jjVI jSll :ARNm -Jtj ADN -it 6^ 3&UJt - 

,U X Jb/uJ 1^0 La A^uailLauJt JJC- <LudLudll 1 jS JjLaJJJ 


IS^UajI ARNm —It 4 t-£j3 ^LL j-ill ^-i 64 -JjJ^. SjJfcUa ;(^1 g^yiSlI A j^Ap L-iuj3U - 

4_J ^L^IlS A—iLojlII 3 . jtARN ADN —it L>-^ 

j Aj£—jualLal) ARNm _it AJ_judLujj 4.4 -ajjVujj^\I aJ-joiLoiII ^j_iJ A-JJj^Vt 

































0 0% 



GllstO 

jualsuJI 


:D4 hUJl 


4-iLjjj^t AxUtj AjjjjJ! 4ji11\ 

aJ£jola 1I n^l ys 20 ^3^ (Jlalu 20 4 jlUI CjLalS AjlI]) 

\j^f\ 64 4x111 d)UJ£ Ajl11\ 

.A, G, C, U IcjAj (04) ^jj^' <*1SI <-fj^ ^c- - 

03 Jfl*j) 4 j 2ijjl j5 Ajjjill a^K\ 1 yjSli - 


■ A\ 4Jtl Ajtlll - 

jA ;^)jjil]) ( jjj lj! a \^\\ ^ Jjjil) J^Lu - 

Ajjtjjlt $jLuJt ;4jjtj^lt Cj) jUaJl JjJa £)-* CjL* ijJa-a - 


64 cy* 4jjIj^I s^Adl - 

. *l^lj iba) ^}LaiJ ClSic- ;4£Jtjia CKj^alj - 

.(jpUaftft Sj-atj) ij-jllxH is AJu^\ L pa^il jiCuJ AUG Sj^ljll - 

.utijai *l>lj Ji^ UAA, UAG, UGA ' t( ^& j ls^ V ciilj ci^ ^jj - 

. ^S^al^ll S^Ldl <ARNm -Jl ^i^IxaII [dtjbxit - 

^(jjjj^)j]| £J (jC* Ajjljjll \ g \A ^JuClLaball ARNm -Sij ajjj^II - 

.(<jjjjl jS) Cl jI^jj ijiKllt ^ J.W^a >^AxJ (Jj§J £jllij cJ^ C3^ SjiuLa [Ajjtj^lt 4-4- 

.ARNm -1^ C 5 ^ tdl^ijull ^3 4-^jJa^A^ dlj-aljll ^j)*a^*a ^gJb d^ACoJ) - 

jLci j ^ARNm —St e-iSj-^ C5-^ 4djjl C-c-lj5 Cj!>Lj £_jLjj j 64-jjIjjII djLHII j ;Sj-atjl) - 

n^l 

Nirenberg 4 jj*j :^tjjSl ijL2A\ j>»j <£a ^ uLs - 

1c. g; J ~'^J Ja_joij (_ 5 ~Sj tdll.1 jjjjl£j]| ^j_a ^_^lj j_j (j->a ^ r-1 ~iI-.. ^>1 ARNlTI “'*' J^>Ajil - 

.(ARNm j! ADN) ^IjjSI c^J^\ 1 ^ U. '^jjJI j-1^ 





I ijA A^Jj A-inj AAxlLa (J£juojj - 

A—^lj j-j U-^ (jj-^ A—iLu AA_xlLa ^r_Vn 4_jls tJaJlS (J (Jj_jujI^)jj1I AA_x1a ARNlTl IaI 

_(j— ijVI J f\)°i j-Aj A-jn^VI ^jiaLa^kVl 

m ^\ UUU *>'jll I^USiyiVI - 

<U*>Jf J&l>« :D5 JflUJI 

;^A ^>jAoL^o (J£jAj <jjjj^>JI l_u£jj (jo aJjjjoiaII A-uAaxJl - 

AjAjjjjj <LudLuj l^La (JS ARNlTl j* CliLa jjjj^)]| j* ^^LLa - 

,A^.lj jl 

_4-iLkJl 4 -u1j] jjx^a9 Cll9 ij jjj(jjdij j* ojllxa 4-1 a£ AAJLL4 jjA - 

Cll^J ^jiaJ .(_£ fiA^j Cll^Jj ^jiu^a aA^j Cli^J ; jjjAi>j Cll^J j* jj£ii A-ijJaO A-lL t S^J - 

_ll JaljJjV jJJ j-ii^J jJxSj-a ^lo SA^^ll Cll^J y^jj-uj <ARNm ^llllS £ 9 ja ^lo (^jx.x^W &A^>^11 

■ P £*. j Aj 3 j^ll :ARNt 




















ARN J1 - 

(messager) ARNm -it - 

.A-UJ^}]| CjllCjJ£jljj SCaJ J AijudLuJ ;4jLL - 

t> uj^ sjjjjjKj JS j tU, G, C, A ^ t> <> g-ljjf t> 

.AjJ jj| S^CrlS j JjLuJjill 6 JJJJJ j£juJ ; Cl)L£j^ 

ARNr -it - 

.ARNm -ii Ajt-niall ^Jjdij ;AjjIjaj^( AjjuJfl - 

0° ^ ARNr -it : jj^t - 

.(2L^ jSl!) 


^j_ix3 ^ jdaJ i L_JijJiia |_ 


(transfer) JSuJt ARNt -it - 

, (JS^uj ^ l Lilli C-jjjjKi\ 1 Sc_aJ j aJ-joiLuj ;A nil - 

B SjljJ*a^\t £-3^0 j 6^-lixiVt ClJ-AJUJ ](j_Lat& 

.ARNm -ii ^U^Ait Ajt-niall L y^j ;AjjLjju£J) AjjUjJfl - 


£_jLj Ss.lj-3 -2 tA-jn^Vl (jJaL^Vt Jaj-JuliS - | JJlxUJ La.tjj^ Aj_juo£j Lh^t3j-a A_jI jlal ;djjJ - 

i A^a.^)lll A-jIaC* SjLjJ*i^\I A-Is-jujI^j ARNm_it ^-Ic* A-JJj^Vt 















ARNt JaUlIj ARNr 4 jjjj]I <_P='-^Vl ;4la^U 

^bili Jj tARNm - 1 ' JU o&jjt J! ^ J 2 V l$i V] ‘ARNm -S' 4 ^ e * "" ** 1 - 1 ADN 

■ OHJJ^' Ujj.li 


A juaSM (jiaLA^Vt "** - 

_4_j j^aLiJI ARNt -Jtj u \)■ a VI jJauaaJI JaJj AlLaC. 

ATP t(j lln >, 1 ARNt Jj-^' j-i^) gr-^jj ‘ARNt — II LaSfl <jia_AaJI hj I »iil 4_AjiUl j-uaU*Jl - 

j-lj^aLi. j Jx3j«a ^ U A_J j^al_iJI ^-C-jj]l ARNt_^J ^ ~'J^' J-"* AaJI ^ . ^3 jjj I ^ *J A V' (J^_A^1 iaj_uUJ 4 _ill - 

.AMP 1^5_(J La.li (^Ull ATP_^ j-A L^^Uail ,_g It* V' jia_AiJl eja_uiflj ^jJLi 1 a» ^ (_]£. Luli 3 tJaj—kiaiill ^_jjj] ( _g _3 

!■% i*n \ /\\ 1 A-J LJaJJ^A ARNt_^ 

;aJ^U-aj JaJjuliill A-AaC- 

E + AA + ARNt + ATP -+ E-ARNt-AA —>E + AA-ARNt + AMP 

(Enzyme) &JA :E 
(Acide amine) :AA 

^ c>~^-ARNt-^jA ^xaII :E-ARNt-AA 
g-iiA :AA-ARNt 

_(AaL]allj 4_uc.) Aj^Ua Aj^jJaC- iATP 

.(A^Uall S^)jaa) AjjsUa AjjjJaC- 6 ATP AaLg] ^clii cClAijuj^ill (_£^La! iAMP 




-f'f _ . _ 

■yV ^ c^aJI 


£>-\^\ y ys .5 
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Jjlail Ajjii * 


>Lr lJj^Jl 4*4j^l dlUj^-aSl ; JLoSlLujVI - 
<jo jnxlSS S 44^ij^t jl (J^jLLoij lil 4 jxx^all <jaI±1a A-ljjJ>^ (jljjl Cljli Aj^lkll ClAjj^oJl ;4Ja^^La - 

.Uj'jj' 


.^ia-joila A...j n^j ( jj a l_cARNm —11 C3^J (03) \A A \\&t \ 4—jjjj*ua]| j—u^Uxil 

A _aUallj A...JC.^ill CjI _A_aLjaVI^-J 


;(J^lj^ (03) A^^jlll A.jl^o ^lili ;4-4 AjS]| JaIj \a - 

J^UJi JjVi tNRA —II -2a-jj jj ^-j ‘mNRA —5' ^ <_s j-*-^ *-^.j cj_^j i^j^LSajVI - 

Ja_U JJ ^_J Sj--al^)Slj A-9 ^)xj 1*1 j's QUA (j^-JajVI SJh>Ij jj^j^ll) (JjVl ^...\uVl (j^a,/^SS 

tNRA —Slj P ^-3j-^l ^5-i JjVl tNRA —SI ^^jJu^aSI s,i^.jll ci l vn ^j-ASI sjl^jSI cil^j 

.(j-nii^VI (j-JjJa^Jl <j_jj <jlmj aJ^jIj (J£^jol1j t /\ £_9j>JI <^-9 

—SI 6^_^.lj 6j_^lj ^jjj_i^)ll JJILj <teM ^ n^Vl ^^SS (J-^l^SI tNRA —SI i Ail hi *uiVI - 
tNRA -i' *£ J-a A (*-aj^ij P <*-Mi ^ tNRA J' mNRA 

.A—j.\nn^l UjuoUI ^iSalLuaJ A^ajjUl (jjo-aijj tAjiltdll Sj_^|jU (jj-91 j^Sl cliJlull , n^VI 

^Aimll ^Ul cU^iiis (AAU ,GAU ,AGU) ^j3il *i>ij e*4' ^ - 

_SI cJ j sl jJlSI SI a_ jUj£-a j jjjj mNRA si j i ^ic. J j 

u-c- j j^.^1 tNRA 


4_jjI jjll 4_a jLt_all A o>jJ ^a-1) (dlL-aj jjJJ jll 4 l-i > >il jj <^-3 CLlJl -\~i <_JI |A <1^ jdll A jt^g. <_fl_jj*j _ 

■u^jj^ C5- 3 ) ARNm -J' Aijj^ gs-i 




















Jjuxjl I ^ AjjjjJa (ATP -It) AiUaJt 

^t-joull (j-X- (Jjj-joiaII jlj—ixulARN (*-^3^ ^1 -ajjVujjVI A-.jUo ^CLjL^j^jVI -laLjaul A_Jjj^>jJa A-iUall 

AX\<>J A_£^)^Jj 4^—IiaVI -LaJ-CCnl A_>ijV A-SUoll A-^'N^liH A—AaC* ^_3j tA-SUAl L_J_HaJJ 

a A—jn^Vt Ja_j^)j A-jlmill A_Jaj|^}]| 


AjjSjj J*j - 




Ja-jjJJ ^-Alj < C5-S 

<^-3 J_ib ^aJi 4(J_JJjjAl L_J_J^JJ 


fi-lx- Ja-jjjj jl tA-jCCmll ^ WAl (jJa-jtJ A-i* L q.VVi jl <(... <jcLx^ 6 CIAj^S-ju^ A-j n1j^)j j_ic. A_j Ja-jjjj 

.(^J) 6^)-AUaJ A_ilkll A_Wn 4—JjtjSt ^_3 (j_JJj^>Al l ciLli C_*J ^liLu £_Ja3 


^j_c, aJ^j).,ajj ^\1 ClA ajI Cl 

(jl£ ^A-jqjJo jl) A *nn l_j_jujj£j) 4 J w jl ^ ^ _S] A-j\UVil 




c£sa^£lo cojjii :aliuj[J | a|acj 
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AJVl ‘gr 4 ^ (j& O 3 ^^' :(cfcRJJ^' V^>) J£*^' 


.(^ISjjJI) ADN -SI ^sijill ^filjjll cijLajlx-all ^1 jjj 

y-C. Ajk-JudJ L_Lj£j1j jlJ JaJjJ ARN f J-Sj ^(A^uuIuLa]) A \ AjAjuA]') ADN —SI ^Lulx, (_£*l^l (j-^ U^UajI 

J 4l *i*\W L$j1 Aj-ujIujVI 4^1 ^luiVb A—AajlII ^o-jujJ tARNlTI _SI ^_3 (JJLuj <-Jj|j^ll A_^^lx^ll 

.4-jjjjVi i^iji]i ^ 


i Ajjj^VI ^oljill qa <5aj vw a jj& ^jUu J^juo ^Ic. d j&aiA AjjIjjII ARNm -SI 


dhPj jj <jJ) j>jjjli (^-uij A 4 _j Ixjjjj ^gJj «-l£3I j_i& ARNm -J' 

.(J-JJjjJl eJLJ^jIil L$J 4_33l j-oll 4 J naVI (J^l—A^Sfl -Sa-JJJj 4—Jjlj^jJl $ j4 *dl| Cjlj-alj jjj-JJjll I jJu Jj 

(j-jjj^Jl (JjJSj Jl£ .L^jLk jl A_ilkJl (J_kb AJiiila jj (4_ac,Ij 3 4_nj l_j_jou£j) ^c_jU 1I (j_jjj^)Jl ^-^ij 

.CjLJj^^JI j 1—liilaj jl 44_iLkJl ^Ij-j^.1 l Lilian $.Lij <^-3 (J-jkJU LuUj 



jj^cAlij \ ^3cX^w*» iP L^/- cA/o^-i 








































IjjygjjJI Cl£LiloQQ <*| |j< ^jjj <iQ llnl l 


USk 


Ql^JIg Hn . ,U I I jogjt 



,_nK.r\ n Laljj |jj : jllUjill jbc! 
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